cipitated compound, protamine insulin, which is relatively insoluble in the subcutaneous tissues, and is therefore more slowly absorbed than is the soluble insulin hydrochloride in general use. The latter is so rapidly absorbed that its action is finished quickly, making two or three injections a day necessary for good control of severe diabetes. As many as four and five injections a day have been administered by some workers. Protamine insulin certainly acts for twelve hours, so that it has been possible to ensure a normal fasting blood-sugar level in the morning by giving an adequate dose of this compound in the evening. Hagedorn recommended that it should be used in this way, with soluble insulin in the morning to act quickly enough to control the sugar resulting from digestion of the day's carbohydrate food. We felt, with many others, that an attempt should be made for the patient's sake to control diabetes with a single daily dose of protamine insulin. The results were good with mild cases, but even with very large doses-60 to 100 unitscontrol was seldom possible with severe cases. Fortunately this possibility has been more nearly realized by the discovery of a longer-acting and more stable compound, zinc protamine insulin.
This paper describes the known actions and qualities of the new preparation and the clinical results we have obtained in forty-two patients who could not be controlled by diet alone, and required insulin. The number of cases is small, but the majority have been carefully observed under hospital conditions, and the results have been sufficiently consistent for us to form an opinion on the use, advantages, and disadvantages of zinc protamine insulin. We have also had the privilege of seeing it employed in several Canadian and American clinics, where experimental work was started with it in June, 1936.
Nomenclature
We have felt, since working with more than one type of insulin, and more especially since trying to write about them, that some accepted code of nomenclature is essential to avoid confusion.
Until a year ago " insulin " was insulin, and meant only one thing, at least clinically. Since then protamine insulin has come from Denmark and zinc protamine insulin from * Research Scholar, British-Medical Association.
Toronto, and it seems likely that improved modifications of these may appear at any moment to add to the confusion of medical nomenclature and thought. The fundamental difference between the "old," "regular," or " ordinary " insulin (but surely insulin will always remain extraordinary, at least to the diabetic) and the new longaction insulins is their solubility at the pH at which they are injected. . When he turned his attention to protamine insulin compounds he found that when entirely freed from traces of zinc and allied metals they were no more prolonged in action than the soluble insulin hydrochloride ).
The addition of traces of zinc and the adjustment of the pH to 7.2 produced a zinc protamine insulin compound in suspension which was more stable and more prolonged in its action than any previously discovered. This has been proved experimentally Rabinowitch et al., 1936b) In the course of establishing the patient on the basal dose of zinc protamine insulin it becomes apparent to which type of diabetic he belongs. The milder insulin case remains sugar-free throughout most of the day on his basal dose of suspension insulin. Sometimes there is slight hyperglycaemia in the early forenoon, a time when the injection of the previous day is exhausted and that of the same day not established. Fig. 1 shows a Bayliss (1900-2) found that stimulation of the distal ends of the cut posterior roots by current, or mechanically, produces a long-lasting vasodilatation of the limb supplied. He showed that the cell stations of the fibres conducting the impulses to the vessels lie in the posterior root ganglia, for the effect remains after the posterior roots are cut, but is lost after the ganglia are excised. He concluded that the fibres concerned are the ordinary sensory afferent fibres of the posterior roots and that vasodilatation of the limb is effected by " antidromic " conduction, as he called it at Langley's suggestion. Similar vasodilatation can -be produced by stimulating the distal ends of nerves to the limbs or cutaneous nerves, and these reactions have been studied by Langley and by myself and others (Lewis and Marvin, 1927) , mainly in the cat's paw. Foerster has shown in recent years that reddening of the human skin over appropriate segments occurs when the posterior roots, or nerves of the limb running to the skin, have been cut and are stimulated distally. In the case of the cat stimulation of a small nerve of the paw flushes the bare surfaces of those pads which the particular nerve supplies, and flushes them sharply to a boundary. Langley first observed this, and, adopting my method of identifying active capillary dilatation, found that the flushing is produced even during circulatory arrest. He therefore, and rightly, concluded that the flush is due to capillary rather than to arteriolar dilatation in this animal.
The conception that the vasodilatation is due to antidromic conduction in sensory nerve fibres was grounded upon the contemporary belief that all posterior root fibres are afferent. Several workers (Ranson, Kure, Tower) have since described intact fibres in the spinal ends of the cut posterior roots many days after section. These have been much discussed, and have generally been regarded as regenerated from the root ganglion. But Kahr and Sheehan (1933) traced intact fibres in this root after removing the ganglia; and Barron and Matthews have recently supplied some remarkable evidence, both physiological and anatomical, that fibres having their cell stations in the posterior root ganglia pass into the cord and send collaterals ouit again through neighbouring posterior roots on their way to the periphery. It seems from the observations of Matthews that these fibres normally carry impulses out to the periphery; but if that is so then it is difficult to regard the system of nerves in question as subserving a sensory function. Thus the evidence from this source inclines us to recognize that there are fibres other than sensory in the posterior * The Hume Lectures delivered at Newcastle-on-Tyne, February
